Abstract: A non-parametric Data Envelopment Analysis (DEA) technique was applied to investigate the degree of efficiency and effi ciency change of prefecture-level cities in the North-East China from 2000 to 2012. Mean pure technical effi ciency in a DEA model with the number of agriculture was 0.79, indicating that there is a big potential for a more effi cient input utilization in agricultural productivity. Decomposition results of the Malmquist index indicated that the average productivity (MALM) growth at 8.0 percent annually over the entire period in the North-East China and the major source of growth was the technical change. In order to stimulate the productivity growth, more attention should be paid to improving the production effi ciency. Polices should be enacted to increase the technical investment in agriculture, to enhance the rural education and research in agriculture which may help farmers to improve the agricultural effi ciency and productivity. Given the limitations of the Statistical Yearbook data, some fi eld investigation may carry out in future studies.
Food security is high on the global policy agenda. Demand for food is increasing as the populations grows and gains wealth to purchase more varied and resource-intensive diets (Garnett et al. 2013) . The key to boosting the food security cannot be divorced from the agricultural productivity growth (Ogundari 2014) . And the crucial role of efficiency in increasing the agricultural output has been widely recognized by researchers and policy makers. Thiam et al. (2001) highlighted the importance of efficiency as a means of fostering production which has led to the proliferation of studies in agriculture on the technical efficiency around the globe. The analysis of technical efficiency in agriculture has received a particular attention in developing countries because of the importance of the productivity growth in agriculture for the overall economic development (Kolawole 2009 ).
Efficiency refers to how well a system or unit of production performs in the use of resources to produce outputs, given the available technology relative to a standard production (Fried 2008) . In order to increase agricultural output, the governments have advocated various policies on the efficiency growth, and the current research has also introduced various methodologies to assist in promoting efficiency. V. Ndlovu et al. (2014) compared the productivity and efficiency under the conservation and conventional agriculture, and found that the farmers produce 39% more in the conventional agriculture which may be a good choice for the land constrained farmers. Jaime and Salazar (2011) demonstrated that the farmers who participate in organizations have got higher efficiency levels and the governments should strengthen efforts to improve the existing participation space and to provide support for the existing productive organizations. Manjunatha et al. (2013) found that the land fragmentation has a reciprocal relationship with the farm efficiency, and some measures should be proposed to reducing the land fragmentation. Alston et al. (2009) reviewed the experience of agricultural development in developed countries and emphasized the revitalization of agricultural R&D investments will contribute to the global agricultural productivity.
The methods of measuring efficiency can be dated back to the works of Koopmas and Debreu (Ogundari et al. 2012) . Inspired by the studies of Debreu and Koopmas, Farrell (1957) introduced a measure to decompose the economic efficiency into the technical and allocative efficiencies. Following Farrell's (1957) definition, the technical efficiency is the ability of a production unit to produce the maximum output given a set of inputs, the allocative efficiency is the doi: 10.17221/233/2014-AGRICECON ability of a production unit to produce a given level of output using optimal input proportions, while the economic efficiency is a measure of the overall performance and is the product of the technical and allocative efficiencies Amor and Muller 2010) . Broadly, methods of the efficiency analysis include the parametric (stochastic frontier production function) and non-parametric (DEA) approaches. In recent years, advanced technologies, such as the remote sensing, the nutrients balance approach, the EPIC model, and the energy method have been used to study the efficiency and productivity in agriculture (Liu and Chen 2007; Chavas et al. 2009; Tao et al. 2009; Hoang and Coell 2011; Gallego et al. 2014) .
Since the implementation of the economic reform in 1978, Chinese agricultural productivity and effi ciency have become a hot topic among scholars. Studies of agricultural effi ciency in China concentrated on two aspects: one is the agricultural production effi ciency analysis in sample periods (e.g., Mao and Koo 1997; Hu and McAleer 2005; Chen and Song 2008; Chen et al. 2009) .Th e second means uncovering the factors which impact the production effi ciency (Liu and Zhuang 2000; Monchuk et al. 2010; Tan et al. 2010; Ma and Feng 2013) . Many of the above studies have used the provincial-level datasets. However, the provincial aggregates may not reflect the exact differences among regions and the prefecture-level data become necessary and possible (Herrmann-Pillath et al. 2002) . Some studies (e.g., Chen and Song 2008; Chen et al. 2009; Monchuk et al. 2010) used the countylevel datasets to evaluate the agricultural effi ciencies in China. But sample periods in these studies are very short and cannot depict the change in effi ciency. Th is paper estimates the production effi ciency in the NorthEast China agricultural sector with a panel data set comprising 36 prefecture-level cities for the 13-year period 2000-2012. Th is study applies the data envelope analysis (DEA) approach to estimate the effi ciency in the agricultural sector. Th e Malmquist productivity index is used to measure the productivity change over time and we decompose the TFP change in the North-East China into the technical change and effi ciency change.
MATERIALS AND METHODS

Study area
The study area is located in the North-East of China, includes 36 prefecture-level cities, bordered to the North and West by Russia and Mongolia and to the South-East by the North Korea (Figure 1 ). With an area of 78.8 × 10
4 km 2 and a population of 109.73 million, the population density is about 139.3 persons per square km. This region is famous for its fertile soil and plentiful water resources. It is not only an important commodity grain base, but also a pivotal old industrial base in China. In 2012, grain output in the North-East China has reached 1.12 million tons, accounting for 18.95 % of the national grain production (Figure 2) , and the most important crops in terms of areas produced were rice (15.72%), legumes (32.73%) and corn (33.51%). According to the China Statistical Yearbook 2013, arable land in the North-East China has reached 21.45 million hectare, and accounts for 17.62% of China arable land. Cultivated areas per 1978 1990 1993 1996 1999 2002 2005 2008 2011 proportion (%) Figure 2 . Proportion of grain output of the North-East relative to China (1978 China ( -2012 doi: 10.17221/233/2014-AGRICECON agriculture economic activity population in the NorthEast China is higher than the national average, ranked in the provinces forefront (Table 1 ). Since 1978, the introduction of the household-responsibility system and technical progress has prompted the growth of the agricultural productivity. The level of agricultural intensification in the North-East China has gradually increased, the number of tractors used per thousand hectares cultivated areas has reached 37.34 now, the consumption of chemical fertilizers per thousand hectares cultivated areas is less than the national average (Table 1 ). This laid a good foundation and conditions for developing modern agriculture. Charnes et al. (1978) proposed a model which had an input orientation and assumed constant returns to scale (CRS). However, the CRS assumption is only appropriate when all DMU's are operating at the optimal scale. Banker et al. (1984) suggested an extension of the CRS DEA model to account for variable returns to scale (VRS) situations. Th is more accurately refl ects operations and the management level of DMU. Th e DEA can be either input or output orientated. Th e former is to reduce the resource input to the greatest extent to improve effi ciency under the condition that the output remains unchanged, while the latter is to increase the output effi ciency evaluation under the condition that the input factors remain unchanged ( Coelli 1996) . As for the agricultural production effi ciency evaluation, it is easy to control input. Hence, we choose to adopt the VRS input-orientated DEA in this paper.
DEA model
For the given time period, there are n decision making units (DMU). x i and y r are input and output vectors for the representative DMU with m inputs and s outputs respectively. j = 1, 2, …, n where X ij (i =1, 2, …, m) is the ith input variabe of the jth DMU; Y rj (j = 1, 2, …, s) is the rth output variable of the jth DMU. The VRS input-orientated DEA model is as follows (Wang et al. 2012 ): θ in the above equation represents efficiency value of each DMU, and 0 ≤ θ ≤ 1, i.e., θ = 1 shows a technically efficient DMU; θ < 1shows a technically inefficient DMU.
Malmquist index
The Malmquist indexes were established by Caves et al. (1982) based on the distance functions (Mao and Koo 1997) . It is quantity based, more suitable to the China's situation (Tong et al. 2009 ). Hence, in this paper we used the prefecture-level data for years 2000-2012 to construct the Malmquist productivity index. As specified by Caves et al. (1982) 
this index is:
M t index measures the productivity changes from time period t to time period t + 1 under the technology in the time period t. D t is the output distance function in the time period t, and x t and y t are inputs and outputs in the time period t. The technical efficiency changes at the time period t and time period t + 1 could also be calculated under the technology in time period t + 1. The Malmquist index is defined as:
According to Färe et al. (1994) , the output-oriented Malmquist index can be decomposed into two components, the efficiency change and the technical (Färe et al. 1994 ):
where and
The PTEC (VRS) is the pure technical efficiency change based on the VRS; SEC (CRS, VRS) is the scale efficiency change based on the CRS and VRS; Dc and Dv are the distance functions based on the CRS and VRS. EC > 1 indicates the increase of agricultural efficiency from the time period t to the time period t + 1; EC = 1 means the agricultural efficiency remains stable during the period t to the time period t + 1; EC < 1 shows the decrease of agricultural efficiency.
Data
The data used in this study are from various is- The agricultural production output used in the study is the gross value of agricultural output (not including forestry, animal husbandry and fisheries). The agricultural production input includes capital and labour, land, machinery and fertilizer. Labour is measured as the number of workers employed in the primary industry. Land input is defined as the sown area which more accurately reflects the actual utilization of the cultivated land in the North-East China. Machinery input is measured by the total power of farm machinery. Chemical fertilizer refers to the sum of pure weights of potash, nitrogen, phosphate and the complex fertilizer. Original Paper Agric. Econ -Czech, 61, 2015 (11): 522-532 doi: 10.17221/233/2014-AGRICECON
RESULT AND DICUSSIONS
Technical and scale efficiency
Results obtained by the utilization of the input-orientated DEA are displayed in Figure 3 . In 2000-2012, the mean radial technical efficiency of the NorthEast China is 0.669 and 0.794 under the CRS and VRS assumptions, respectively. This implies that the prefecture-level cities could reduce their inputs by 33.1% (20.6%) and still keep the same output level. Mean scale efficiency in the North-East China is 0.848, implying that the average size has not achieved the optimal size, although an additional 15.2% productivity gain would be practicable-postulating no other restricting factors -as long as they adjusted their arable land operation to the optimal scale. Figure 3 presents the North-East China and the provincial technical and scale efficiencies over the 13 year period. The regional and provincial technical and scale efficiency were obtained by averaging the prefecture-level cities' estimates. In 2000-2012, the mean technical and scale efficiency of the NorthEast China have not exhibited the same trend. There seemed to be a tendency of a downward TE movement over the period under the CRS assumption. While the TE movement under the VRS assumption was presenting an increase-falling trend, the scale 
Decomposition results of the Malmquist index
In this study, we decomposed the Malmquist productivity index into the efficiency change (EFFI) index and the technical change (TECH) index. To identify the change in the scale efficiency, the EFFI was further decomposed into the PUREFF and SCAL. To obtain the Malmquist productivity (MALM) indexes and other indexes for each prefecture-level city and each pair of years, we use the DEAP2.1 to calculate the output distance functions. The results show that the average productivity growth (MALM) in the agricultural production averaged at 7.7, 6.9, 9.4 and 8.0 percent for Liaoning, Jilin, Heilongjiang and North-East China (Table 2) . A higher productivity growth rate reflects a higher growth rate in output and lower growth rates in the use of all four inputs. In average, the technical change (TECH) index also rose by 7.9 percent for the entire region. Meanwhile, the efficiency change (EFFI) index rose in the Liaoning and Heilongjiang provinces. The efficiency change (EFFI) index in the Jilin province declined by 0.9 percent. The growth in technical change and technical efficiency suggest that the increased total factor productivity in the North-East China agricultural production arose from the innovation in technology and the improvement in the technical efficiency. However, the growth rate of the technical efficiency is small. This was partially due to the decline in the scale efficiency.
Among the total 36 prefecture-level cities, seventeen cities had positive average growth rates in the EFFI and TECH during the 2000-2012 periods (Table 3 and  Table 4 ). Only seven cities, Fushun, Dandong, Yingkou, Fuxin, Shuangyashan, Yichun and Mudanjiang had an improvement in all five indexes. On the whole, all 36 cities had a positive average growth rate in the TECH and sixteen cities had a decline in the EFFI, indicating that the agricultural productivity growth in the North-East China was mostly attributed to the technology progress. From the results of the index value rank, the Fuxin experienced the highest growth in both the total productivity and technical (TECH) . The Chaoyang showed the greatest improvement in the pure efficiency during the 2000-2012 period, but it also showed a large decline in the scale efficiency. The Fuxin had the most gain in scale efficiency. The Jinzhou, Liaoyuan and Jiamusi, three old industry cities in the North-East China, experienced the largest falls in the technical efficiency, the pure efficiency and the scale efficiency.
Since it is expected that the regional efficiency would have been improved with the economic reform and its components over the entire 2000-2012 sample period and the average of three sub-periods, i.e. 2000-2004, 2004-2008, and 2008-2012 , are presented in Table 3  and Table 4 . It is clear that the annual MALM growth rate in average increased from 2.9 percent in 2000-2004 to percent in 2004-2008 , and went up to 11.8 percent. Over the study period, it grew at the rate of 0.6 percent per annum and resulted in the 8 percent overall increase. Observing two components of the MALM index, the annual TECH change is found to be 1.0, 10.1 and 12.8 percent for the three sub-periods, respectively. While the average growth rates of efficiency 
CONCLUSIONS
The DEA approach has been applied in order to investigate the degree of efficiency and efficiency change of the prefecture-level cities in the North-East China. This procedure allows the determination of the best practice cities and can also provide helpful insights for the agricultural management. By using these cities as benchmarks, the inefficient cities can SCAL 2000 SCAL -2004 SCAL 2004 SCAL -2008 SCAL 2008 SCAL -2012 SCAL 2000 SCAL -2012 SCAL 2000 SCAL -2004 SCAL 2004 SCAL -2008 SCAL 2008 SCAL -2012 SCAL 2000 SCAL -2012 determine which changes in the input are necessary in order to increase the agricultural overall performance and profitability. The results displayed that, in average, a potential 20.6% reduction in the input use could be achieved provided that all cities operated efficiently. In general, the scale efficiency appears to be performing better than the technically efficient. The distribution of efficiency scores across the three study provinces showed that the cities located in the Heilongjiang province are the most technically efficient units now, and the cities located in the Liaoning province are the most scale efficient. Decomposition results of the Malmquist index indicated that the average productivity (MALM) growth at 8.0 percent annually over the entire period in the North-East China and the major source of growth was the technical change. In order to stimulate the productivity growth, more attention should be paid to improving the production efficiency. It was also found that the scale efficiency did not recover until in 2008-2012. It seems that the scale operation of agricultural land in recent years has promoted the growth of the scale efficiency. The rapid deterioration in the pure efficiency during the three sub-periods implies that polices should be enacted to increase the technical investment in agriculture, to strengthen the technical training for farmers, enhancing the rural research in agriculture. Regional disparity of the efficiency value indicated that the technical cooperation among cities should be developed and strengthened.
The DEA and Malmquist model are two popular methods to the calculation of the efficiency change. However, there are some shortcomings in this study. The Malmquist and DEA model have high requirements for the consistency and comprehensiveness of the data. Owing to objective factors, data sources of this study are from the Statistical Yearbook. Some indicators such as the agricultural labour time and other indicators are not included in the model. In the subsequent study, more attention should be paid to improving the data consistency and comprehensiveness of the indicators.
